The main bacteria in peaty, acid grassland soils in the Netherlands were investigated by ribosome isolation, temperature gradient gel electrophoresis, hybridization, cloning, and sequencing. Instead of using only 16S rDNA to determine the sequences present, we focused on rRNA to classify and quantify the most active bacteria. After direct ribosome isolation from soil, a partial amplicon of bacterial 16S rRNA was generated by reverse transcription-PCR. The sequence-specific separation by temperature gradient gel electrophoresis yielded soilspecific fingerprints, which were compared to signals from a clone library of genes coding for 16S rRNA. Cloned 16S rDNA sequences matching with intense bands in the fingerprint were sequenced. The relationships of the sequences to those of cultured organisms of known phylogeny were determined. Most of the amplicons originated from organisms closely related to Bacillus species. Such sequences were also detected by direct dot blot hybridization on soil rRNA: a probe specific for Firmicutes with low G؉C content counted for about 50% of all bacterial rRNA. The bacterial activity in Drentse A grassland soil could be estimated by direct dot blot hybridization and sequencing of clones; it was found that about 65% of all the bacterial ribosomes originated from Firmicutes. The most active bacteria apparently were Bacillus species, from which about half of the sequences derived. Other sequences similar to those of gram-positive bacteria were only remotely related to known Firmicutes with a high G؉C content. Other sequences were related to Proteobacteria, mainly the alpha subclass.
During the last few years, microbial ecologists have switched more and more to molecular strategies to study the distribution and activity of microorganisms in the environment. The earlier culture-dependent surveys used to describe bacterial communities were suspected of suffering from the "great plate count anomaly" (48) . Most natural bacterial cells apparently were not accessible for the cultivation methods used today (2, 42) . Explanations for these observations have fluctuated between the presence of cells which were not viable (nonculturability) and the hitherto unknown specific medium requirements of most bacteria (not yet cultured). Supporting both of these explanations, recent molecular studies of terrestrial and aquatic environments indicated on the one hand the presence of extremely small, possibly nonviable cells (3, 43) but on the other hand the presence of rRNA sequences of unknown species which have never been described as a cultured strain.
Thousands of different bacterial genomes per gram of soil were estimated to occur in terrestrial environments (52) . Even comprehensive culture collections could hardly compete with such an extensive bacterial diversity in soil. Around the world, several culture-independent surveys of the microbial diversity in soil had been performed (5, 6, 23-25, 29, 39, 40, 44, 46, 53) . They all were based principally on the PCR amplification of the small-subunit (SSU) rDNA from directly extracted soil DNA with universal primers. These amplicons were used for the subsequent generation of more or less comprehensive SSU rDNA clone libraries, allowing subsequent sequencing analysis. Unfortunately, all the studies used different cell lysis methods and primer sets. Although the comparability is thus limited, all these sequences provide the first indication of microbial diversity based on "real environmental" 16S rDNA data. Analysis of such 16S rDNA clone libraries demonstrated the presence of hitherto unidentified bacteria that were only remotely related to known strains (5, 6, 24, 25, 29, 40, 57) . In fact, only a minority of sequences retrieved from directly isolated soil DNA could be closely related to cultured organisms. The major conclusion was that bacterial communities in the environment were composed mainly of uncultured species. Hence, the structure and function of bacterial communities in terrestrial and aquatic environments must have been mainly unknown. To date, this fact has prevented deeper insights into most basic nutrient fluxes in the ecosystems, where bacteria are suspected to contribute major functions.
Beyond the present collection of 16S rDNA sequences, our investigations are intended to reveal the metabolically most active members of the bacterial community in soil. A promising strategy for this had to be based on the direct isolation of suitable marker molecules. Genomic DNA could not be considered suitable, because detection of the DNA neither indicated activity nor proved the viability or even the presence of the corresponding cells (20, 28) . The ribosome appeared to be a more useful marker, since the amount of ribosomes (and their rRNA) per cell was found to be roughly proportional to the growth activity of bacteria in pure culture (55) . The 16S rRNA sequences were used as a marker for bacterial activity (59), a providing universal presence (in all cellular organisms) and species-specific sequence information (36, 37, 56) . Starting point of our strategy consequently was the direct isolation of ribosomes and the subsequent purification of their rRNA from environmental soil samples (8) . Then the major taxa represented by this ribosome fraction were identified by the application of different group-specific probes to the membranebound rRNA samples. Subsequent quantification of the probe signals and their comparison to a universal Bacteria probe yielded relative quantities of taxa. Another, more specific approach was used to compare the rRNA fraction with a 16S rDNA clone library generated from directly extracted soil DNA. Universal Bacteria primers were used to amplify the 16S rRNA target by reverse transcription-PCR (RT-PCR) and cloned 16S rDNA amplicons by PCR. The resulting amplicons were separated into a banding pattern of single sequences by temperature gradient gel electrophoresis (TGGE) (41), a technique that detects single changes in sequences. This technique, like the comparable denaturing gradient gel electrophoresis (DGGE) (15) , was useful to reveal sequence diversity by generating fingerprints specific for the bacterial community (14, 33, 51) . Comparison of single clones to the ribosomal soil band pattern indicated possible matches to particular bands within the soil rRNA fingerprints. Subsequent sequencing allowed initial interpretation of the organisms from which the single bands in the soil band pattern were derived. Then a detailed phylogenetic analysis could be added, because the clones were obtained by amplification of the almost complete 16S rDNA sequence (58) .
This paper comprises the results of a comprehensive survey of most of the active bacteria in soil. The site we used is located in the Drentse A research area in The Netherlands and consisted of fields of peaty, acid grassland. Based on the approach focusing on metabolic activity, we identify most prominent bacteria in the upper soil layer and their distribution among major taxa, as indicated by their 16S rRNA sequences.
MATERIALS AND METHODS
Soil sampling. Peaty, acid grasslands of the Drentse A agricultural research area in The Netherlands (06°41ЈE, 53°03ЈN), were the sites of sample collection. They covered a geologically homogeneous stretch of approximately 1.5 km along the Anlooër Diepje River. The different cultivation history of the Drentse A plots was taken into account by sampling six plots representing different final years of fertilization for agricultural hay production. One plot was within the still fertilized area (type F), while another plot was part of an area that had not been fertilized since 1967 (type K). On the other plots, the fertilization stopped between 1985 and 1991 (type A). Details of the soil properties have been published (49) . In total, 360 surface samples (Ͻ10 cm deep) were obtained in March and October 1996. Soil cores of approximately 50 g were obtained with a drill (0 to 10 cm deep) and transferred into sterile sample bags. Two types of samples were prepared: single soil samples were used for ribosome isolation to check the variability of the 16S rRNA community fingerprints per plot (11) , and homogenized, pooled samples were used to compare the different areas. The pooled samples were obtained by pooling the single samples from each plot by sieving and mixing 10 single samples (5 g each) to end up with four samples.
Isolation of ribosomes and rRNA purification. Ribosomes were isolated from Drentse A soil samples by a previously described method (8) . Briefly, the ribosomes were released from 1 g of soil by bead beater treatment in the presence of ribosome buffer. Subsequent centrifugations cleared the suspension of cell debris and soil particles. Then the ribosomes were precipitated by an ultra-high-speed centrifugation (2 h at 100,000 ϫ g). The rRNA was extracted and purified by phenol extractions, ethanol precipitations, and DNase digestion to obtain suitable templates for RT-PCR. From 1 g of soil, we eventually obtained 100 l of solution containing approximately 15 ng of rRNA per l.
Specific quantitation of rRNA by dot blot hybridization. The Bacteria-specific probe EUB338 (1) was used to estimate the amount of bacterial rRNA per gram of soil in 24 rRNA samples (4 per plot). The average value was taken as 100% for subsequent comparison. Probe EUK1379 was used to detect eukaryotic SSU rRNA (18) , and probe ARC915 was used to detect SSU rRNA of Archaea (47) . The probes ALF1b, BET42a, and GAM42a were applied to quantify rRNA of the alpha, beta, and gamma classes of the Proteobacteria, respectively (31). Probe HGC was specific for high-GϩC Gram-positive organisms (54) . The LGC probe set has been applied to quantify Gram-positive organisms with a low content of G and C nucleotides (32) . Another probe set called PLA has been applied to quantify Planctomycetes (34) . The procedures have been published previously (31, 32, 34 Screening of a 16S rDNA clone library for matching sequences. Total DNA was isolated from Drentse A soil samples as previously described (8) . 16S rDNA sequences were amplified with a GeneAmp PCR System 2400 thermocycler, using 35 cycles of 94°C for 10 s, 54°C for 20 s, and 68°C for 2 min. The PCR mixtures (50 l) contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 3 mM MgCl 2 , 0.05% detergent W-1 (Life Technologies), 150 M each dATP, dCTP, dGTP, and dTTP, 30 pmol of primers 8f and 1512r (10), 2.5 U of Taq DNA polymerase (Life Technologies), and 1 l of template DNA (approximately 10 pg). The amplification products were confirmed by agarose gel electrophoresis (1.4% agarose) and then separated from primers and deoxynucleoside triphosphates on a low-melting-point agarose gel. Then they were cloned in pGEM-T linear plasmid vector and Escherichia coli JM109 competent cells as specified by the manufacturer (Promega, Madison, Wis.). After the transformants were grown overnight, single-clone colonies were taken up with sterile toothpicks and transferred into 1.5-ml microcentrifuge tubes containing 50 l of TE buffer. The tubes were heated for 15 min at 95°C to lyse the cells and then chilled on ice. Insert sequences were amplified with a thermocycler (as above), using 25 cycles of 94°C for 10 s, 46°C for 20 s, and 68°C for 100 s. The PCR mixtures (10 l) contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 3 mM MgCl 2 , 150 M each dATP, dCTP, dGTP, and dTTP, 3 pmol of primers T7 and SP6 (21) A temperature gradient from 37 to 46°C was built up in the direction of electrophoresis. After the run, the gels were silver stained (7) . Then the gels could be screened for matches between clone signals and the bands of the RT-PCR fingerprints from soil. Apparent visual matches were confirmed with clone-specific V6 probe Southern blot hybridizations (16, 17) . RT-PCR fingerprints from soil and clone signals were transferred to a nylon membrane. A clone-specific probe was used to detect the cloned sequence within the RT-PCR fingerprints from soil. The detailed procedure has been published previously (10) .
Sequencing of PCR products from cloned inserts. Insert sequences were amplified with a thermocycler (as above), using 30 cycles of 94°C for 10 s, 46°C for 20 s, and 68°C for 100 s. The PCR mixtures (two 100-l samples) contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 3 mM MgCl 2 , 150 M each dATP, dCTP, dGTP, and dTTP, 100 pmol of primer T7 and SP6, 2.5 U of Taq DNA polymerase (Life Technologies), and 1 l of cell lysate (see above). The PCR products were purified and concentrated (from 200 to 50 l) on fiberglass spin columns as specified by the manufacturer (High Pure PCR Product purification kit; Boehringer, Mannheim, Germany). Purified DNA was eluted from the columns with 50 l of deionized water. The sequencing was done with a Sequenase (T7) sequencing kit (Amersham, Slough, England). Each 4-l reaction mixture (A, C, G, and T) contained 2.5 l of template, 0.5 l of labelled primer (Infra-Red Dye 41; MWG-Biotech, Ebersberg, Germany), and 1 l of reaction mix (A, C, G, or T; Amersham). The inserts were read in two directions: primer seqT7 and seqSP6 (sequence-like primers T7 and SP6) read from the plasmid into the insert, and primers seq515 (5Ј-ATCGTATTACCGCGGCTGCTGGCA-3Ј), seq338 (inverted sequence of probe EUB338), and seq968 (primer U968-GC without the GC clamp) read from inside the insert to its borders. The reaction was performed in a thermocycler (as above) with 35 cycles at 94°C for 5 s, 56°C for 10 s, and 68°C for 10 s. After the addition of 3 l of loading dye (Amersham), the reactions were run on a no. 4000L sequencer (Li-Cor, Lincoln, Neb.).
Phylogenetic analyses. The environmental sequences were analyzed with ARB software (50) . The ARB package is a combination of alignment and dendrogram tools, allowing alignments to a comprehensive SSU rDNA database (of 8,000 sequences) and detailed phylogenetic analysis. Distance matrices were calculated by the neighbor-joining method (45) , and phylogenetic trees were constructed by using maximum parsimony criteria with nearest-neighbor optimization. Sequences with less than 90% similarity to any other known sequence were checked for chimera formation with the CHECK_CHIMERA software of the Ribosomal Database Project (30) .
Nucleotide sequence accession numbers. The sequences of the soil rDNA clones were deposited in the EMBL database. Clones of other clone libraries usually were cited as a short combination of site-specific letters and clone numbers. Clones from forested soil from the Mount Coot-tha region in Australia were assigned MC sequence numbers (24, 25) ; those from a peat bog sample from Germany were assigned TM sequence numbers (40) ; those from a soybean field in Japan were assigned FIE or PAD sequence numbers (53); those from the Amazonia rainforest soil were assigned P or M sequence numbers (6) 
RESULTS
Ribosome isolation. The rRNA yield from Drentse A grassland soil samples was estimated by direct dot blot hybridization with the Bacteria-specific EUB338 probe to be approximately 1.5 Ϯ 0.6 g of bacterial rRNA per g (dry weight) of soil. The original ribosome isolation protocol (8) was modified so that the amount of soil material used was reduced from 1.5 to 1.0 g to reduce the size of the ultracentrifugation pellets and their resistance to resuspension. It has been found that soil input reductions can overcome such overloading problems with precipitates (9). The final rRNA solutions (100 l per g of soil) were of suitable purity for dot blot hybridization (10 l of input per dot). A 10-fold-diluted solution for RT-PCR (1 l of input) was used to generate amplicons of reproducibly high yield and quality (data not shown). The rRNA solutions for RT-PCR were successfully checked for the absence of genomic DNA as previously described (8) .
Group-specific quantification of soil rRNA. The hybridization experiments gave the first indications of the most active bacterial groups in Drentse A grassland soils. The Bacteriaspecific EUB338 probe gave, for all plots, an average value of 1.55 g of bacterial rRNA per g (dry weight) of soil, which was taken to be 100% for subsequent comparisons. The Archaea probe ARC915 gave only 0.5% Ϯ 0.2%, and the Eucarya probe EUK1379 gave between 0 and 2%. As a theoretical part of the EUB338 signal, the ALF1b probe for the alpha Proteobacteria detected 22% Ϯ 5% of all bacterial rRNA. The probe BET42a for the beta Proteobacteria found 1.5%, and the GAM42a probe for the gamma Proteobacteria gave no rRNA. The probe HGC for Firmicutes with a high GϩC content counted approximately 19% Ϯ 6%. The Planctomycetes probe set PLA gave between 0 and 4%. For the PLA probes and also for the Eucarya probe, the separation between background and signal was not clearly significant. The strongest signals appeared with the probe set LGC for Firmicutes with a low GϩC content. With 49% Ϯ 11%, about half of all bacterial ribosomes in the Drentse A grassland soils appeared to be from gram-positive bacteria with a low GϩC content. The results from the different plots showed slight but not significant differences within the ratio of the ALF1b, HGC, and LGC signals (data not shown).
Identification of cloned 16S rRNA sequences in RT-PCR fingerprints from soil. TGGE analysis of RT-PCR products gave specific fingerprints for the rRNA population in soil. In a previous study (11) , it was demonstrated that selected plots of the Drentse A area gave highly reproducible fingerprints. During our studies, three types of fingerprints could be distinguished for the surface soil layer (Ͻ10 cm deep) of Drentse A grasslands (Fig. 1) . Fingerprints of type F originated from the still cultivated section of the Drentse A area. Type K was found in a plot taken out of production in 1967. The most abundant type, type A, represented the areas where fertilization stopped between 1985 and 1991.
Many of the predominat bands can be found in types K, A, and F. The distribution of the main bacteria appeared to be relatively homogeneous. Only a minority of the strong bands were area specific; most variable bands showed reproducible variations in intensity but were present everywhere.
Clone signals matching soil fingerprint bands indicated the identity of the sequences within the clone library and the soil fingerprints. Also, clone redundancy was indicated by TGGE analysis, where several clones showed the same migration distance. Redundant clones were most commonly found for clones matching the most intense fingerprint bands. Redundancy of the presented sequences is indicated in the phylogenetic trees (Fig. 2 to 5 ). For example, clone DA001 matched the most intense band of the RT-PCR fingerprint from soil ( Fig. 1) and also represented another eight identical sequences of the 16S rDNA clone library (Fig. 3B) . Of 165 clones, 37 could be identified as redundant by TGGE and subsequent partial sequencing (approximately 500 bp with primer seq968). The complete sequencing analysis could be limited to only different clones, which were found in the RT-PCR fingerprint from soil. Figure 1 shows all the matches of clones with intense and also some faint fingerprint bands. Although TGGE has high resolution and the identities of clones with the same migration distance on TGGE are known, it could not be excluded that quite different sequences accidentally migrated to the same position. Hence sequence identity had to be verified by V6 probe hybridization. This approach could be used for most of the intense fingerprint bands (Fig. 1) . Perfect probe specificity was demonstrated for clones DA079 and DA101 (10, 12) but could not always be achieved for the others. Due to crossreactions, some results remained ambiguous. Weak fingerprint bands often could not clearly be identified as the matching clone sequence because the hybridization signals were too faint (data not shown).
Sequence analysis and phylogenetic assignment of clones. The partial 16S rRNA sequences covered a stretch of approximately 1500 nucleotides. About half of the sequences found in the clone library showed only slight relationships to other known sequences, while the other half were highly similar (approximately 95% sequence identity) to other database entries (mainly Bacillus species). The average sequencing error could be estimated by screening the latter. The cloned sequences were checked for "impossible nucleotides" by alignment to the next relatives. Less than 0.5% of all nucleotides were found to be unique within conserved regions of the cloned sequence and could almost always be related to reading errors in ambiguous regions of the sequencing gel. Sequences with less than 90% similarity to any other complete sequence of cultured organisms were checked for chimera formation. In all sequences, the beginning and the end of the sequences showed highly similar alignment results; therefore, chimera formation was not indicated. Only sequence DA052 remained questionable, because it (or any part of it) was not closely related to any other known sequence.
The sequences found in the clone library were not randomly distributed over the main 16S rRNA phylogeny clusters of bacteria. Most of the sequences fell into the cluster of low GϩC gram-positive bacteria (mainly Bacillus relatives). Other groups were the alpha and beta Proteobacteria, the Verrucomicrobiales, the Holophaga/Acidobacterium cluster, and the high-GϩC gram-positive bacteria (Fig. 2 to 5 
DISCUSSION
Experimental strategy. Bacterial communities in soil were found to be extremely complex (52) . Hence, one could not expect to gain a serious understanding of the general bacterial diversity on the basis of only sequence analysis of a few hundred 16S rDNA clones (5, 46) . This could not indicate all the bacteria present, since this would demand comprehensive clone libraries, or allow any quantitative conclusions. Surveys on such complex bacterial communities should be limited to more specific goals such as a revealing uncultured bacteria (24, 25) or investigating the diversity of particular phylogenetic taxons (29, 40) or physiological groups like the most active species (this study).
When Muyzer et al. (33) introduced the DGGE approach (which is comparable to TGGE) to molecular microbial ecology, they proposed this as an easier and much faster alternative to the sometimes tedious and expensive cloning procedure. Amplified environmental sequence populations could be specifically separated by DGGE, at once indicating the relative abundance of each sequence. Single bands could be excised, reamplified, and sequenced. However, two drawbacks had to be considered. First, the excised band would represent only a few hundred nucleotides of the target sequence. A detailed phylogenetic analysis might be hampered by this limitation. Second, it could never be excluded that one particular band might contain more than one sequence and consequently confuse the sequencing analysis. This had to be considered, especially when complex environmental bacterial communities were analyzed. Cloning of the excised and reamplified material must then be used to demonstrate its singularity. This cloning of single bands of interest and subsequent screening of the clones might become tedious and expensive. The only remaining advantage of TGGE or DGGE was the greatly enhanced semiquantitative assessment of sequence abundance by comparing band intensities.
We found that both approaches, cloning and TGGE, could complement each other and give a rather powerful combination if they were applied in parallel from the beginning. The possible drawbacks of TGGE and DGGE were erased because the cloned sequences were unique and represented the almost complete 16S rDNA sequences. TGGE fingerprint bands did not have to be excised, which might have been difficult when bands were very close to each other (see, e.g., the fingerprints in Fig. 1 ). Comparing amplicons of the cloned inserts next to the environmental fingerprint on TGGE gels indicated possible matches. Southern blot hybridization with clone-specific probes could prove the presence of the cloned sequence within the fingerprint (10) . The whole approach could possibly be biased by irregular cell lysis and primer or probe specificity. These general drawbacks of molecular microbial ecology might be determined for cultured organisms, but they cannot be estimated for unknown organisms. Hence, it could not be excluded that the cell lysis techniques and Bacteria primers missed some important, hitherto unknown prokaryotes in the soil.
Diversity of the most active bacteria in soil. The 16S rDNA clone library from Drentse A grassland soils comprised 165 clones, representing 128 different types and 37 redundant sequences. Other studies of environmental clone libraries found a smaller number of or even no redundant clones. This was interpreted as an indication of the high bacterial diversity (5, 59) . Compared to these studies, the Drentse A clone library contained a relatively high sequence redundancy. This might be the result of the combination of high-resolution TGGE clone-screening and accurate sequencing. However, it could also indicate a limited bacterial diversity caused by selective influences of the environment. More arguments for the latter possibility were the defined small number of intense bands in the TGGE fingerprint and the unequal presence of the major bacterial taxa. The clear dominance of Bacillus species and the limited number of other taxa (Fig. 2) were remarkable. Borne- man et al. (5) , for example, found much more diversity of cloned sequences from an agricultural soil from Wisconsin. Maybe the peaty, acid (pH ϳ 4) Drentse A grasslands are a highly selective environment for bacteria. A comparable redundancy of 16S rDNA clones has been found in German peat bog samples (40) . The question remained whether these acid environments caused a comparable selective pressure. The phylogeny of their 16S rDNA sequences could hardly be related to each other: only one cloned sequence from the Drentse A soil, DA079, could be related to the ones from German peat bog (10) .
Dominance of Bacillus sequences. Of the 72 sequenced clones, 37 could be related to cultured species of the genus Bacillus.
Most of the Bacillus sequences fell into one particular Bacillus branch of the low-GϩC gram-positive organism tree (Fig. 3) . Most of them were members of novel, hitherto uncultured phylogenetic lines within the B. benzoevorans line of descent (Fig. 3B) . These B. benzoevorans relatives apparently were the most important group of soil bacteria. They were represented by approximately 20% of all sequenced clones, including clone DA001. This clone was the most abundant one in the 16S rDNA library (9 of 165 clones) and corresponded to the strongest band in the TGGE fingerprints (Fig. 1) . The multiple appearance of closely related B. benzoevorans-like sequences in the TGGE fingerprint raised the question whether this could   FIG. 4 . Zoom into the cluster of alpha Proteobacteria within the main tree in Fig. 2 . The major clusters are represented by their best-known genera. The clusters containing the DA sequences are resolved, and the DA sequences found back in the TGGE fingerprints are highlighted. One more DA sequence (DA004) is also presented. The mitochondrial branch is hidden. Three unnamed environmental sequences are given by their accession numbers: those from Swedish groundwater (X91445) and Australian sludge (X84609 and X84612). Sequence "OS type O" originated from an Octopus Spring cyanobacterial mat (56) . The bar in the lower right corner indicates the branch length. be due to 16S rDNA sequence heterogeneity, in which one bacterial strain produces more than one signal on TGGE. Such a finding was first described for Paenibacillus polymyxa (35) . This cannot be excluded for our case, but it appears to be relatively rare among bacteria (13) .
An interesting link to the B. benzoevorans relatives could be found in an SSU rDNA clone library of isolates from agricultural soil in Wisconsin (5). Clone DA001 had up to 99% sequence identity (270-nucleotide overlap) to four clones from Wisconsin (clones 102, 112, 122, and 132). This indicated a worldwide presence and maybe also importance of this Bacillus group.
Unidentified groups of environmental bacteria. Several distinct groups of unidentified environmental bacteria could be found in Drentse A grassland soils. Most of the alpha Proteobacteria-like sequences showed similarities to sequences from other environmental clone libraries. Clone DA007 fell into the neighborhood of Acidiphilium, together with two clones from Australian forested soil and another two from Japanese soybean field soil (Fig. 4) . Clones from the same sources and Swedish groundwater (4) were grouped with clone DA122 within the Rhodoplanes line of descent. The sequence DA111 also had relatives in Australian forest soil and, surprisingly, also in the Octopus Spring microbial mat (59) , all of which fell into the Rhodospirillum branch.
Other clones, which were not closely related to cultured organisms, fell into a group of German peat bog clones (DA079) (10), the Verrucomicrobiales cluster (DA101) (12) , and, especially, the Holophaga/Acidobacterium cluster (Fig. 5) , which probably represents a major taxon on its own (29) . Other clones falling into this line of descent again were derived from Australian forested soil (24) , Japanese soybean field soil (53), American mountain lakes (19) , and, especially, the Roggenstein agricultural test fields in Germany (29) . Apart from these several dozen environmental sequences, only three cultured strains were described in this cluster: Acidobacterium capsulatum (22) , Holophaga foetida (26) , and "Geothrix fermentans" (27) . All these species and sequences were isolated from terrestrial environments and might represent one of the most important groups of soil bacteria. This study demonstrated their prominent presence not only in 16S rDNA clone libraries but also within the ribosome fraction from soil. Hence, they also might constitute a major part of the microbial activity in soil.
Conclusions. TGGE-supported clone screening was a convenient and efficient way to detect and retrieve the most abundant 16S rRNA sequences. This study yielded environmental sequence data of high quality, allowing detailed phylogenetic analysis of the main soil bacteria. A lot of work is done in the field of molecular microbial ecology to retrieve environmental 16S rDNA sequences as the first data about the real bacterial world. The most exciting aspect of gathering 16S rDNA sequences from environments around the world springs from the FIG. 5 . Zoom into the cluster of Holophaga and Acidobacterium within the main tree in Fig. 2 . The DA sequences found back in the TGGE fingerprints are highlightened, and two more DA sequences (DA023, DA038) are also presented. Beyond the MC sequences from Australian forested soil (24) and the Japanese FIE and PAD sequences (53), other environmental sequences are marked with (A) from Amazonian forested soil (6), (H) from American mountain lakes (19) , (B) from Australian sludge (4), and (L) from German agricultural soil (29) . The 31 (L) sequences were assigned to (L) clusters where possible. The bar in the lower right corner indicates the branch-length. possibility of revealing phylogenetic relationships to each other and to cultured bacteria. The use of cultured relatives of an unidentified sequence could point to selective approaches to cultivating the organism, and relationships between cloned sequences from different habitats could give the first indications of their potential importance and spatial distribution in the environment. This study once more detected unidentified bacterial lines of descent as already found on other sites of the world. Beyond that, they were also indicated as being metabolically active by their ribosomes. Now it seems likely that these uncultured bacteria are some of the most important metabolizers in soil. Their stage of activity also promises the possibility to grow them in culture. Revealing these rulers of our environment, isolating them, and finally studying them in vitro and in situ will certainly give important insights into the major nutrient fluxes of our planet.
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